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1.  Principal  Investigator;  Akira  Ishimaru 

a 

_  2.  Contract  Description 

This  contract  is  directed  to  the  investigation  of  the  trans- 
jv  mission  characteristics  of  a  wave  with  the  wavelengths  in  the  range  of 

1  pm  to  15  pm  through  various  atmospheric  conditions  including  clouds, 
fog,  turbulence,  rain,  hail,  snow,  and  inhomogeneous  layers. 


! 
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3.  Summary  of  Progress 

Optical  propagation  in  the  atmosphere  is  greatly  affected  by 
various  particulate  matter  such  as  clouds,  fog,  rain,  hail,  snow, 
turbulence,  and  inhomogeneous  layers.  Our  study  has  been  centered  on 
the  wave  characteristics  in  particulate  matter.  Our  progress  in  this 
area  includes  the  following: 

(a)  Pulse  Propagation  and  Scattering  in  Particulate  Matter  [1^3,5,6,11] 
Pulse  broadening  due  to  various  particulate  matter  in  the 
atmosphere  is  important  in  determining  the  data  transmission  rate  of 
communications.  We  have  conducted  fundamental  studies  on  this 
problem.  The  backscattering  of  pulses  from  discrete  scatterers  is 
experimentally  and  theoretically  studied  [1].  A  theoretical  study  on 
the  backscattering  of  a  pulse  from  turbulence  is  made  using  small 
angle  approximations  [2].  It  was  observed  experimentally  [3]  that  the 
diffused  pulse  propagates  with  a  reduced  speed.  A  general  summary  of 
the  pulse  problems  is  given  in  [5]  and  [6],  More  refined  pulse 
experiments  are  reported  in  [11]. 
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(b)  Coherent  Wave  Propagation  in  Discrete  Scatterers  [7,10,13] 


One  of  the  fundamental  questions  relating  to  the  wave  propagation 
in  discrete  scatterers  is  the  determination  of  the  propagation 
constant  for  the  average  (coherent)  field.  For  a  tenuous  medium,  the 
propagation  constant  is  given  by  the  classic  Van  de  Hulst  formula. 
However,  when  the  volume  density  is  one  percent  or  higher,  the 
propagation  constant  is  not  linearly  dependent  on  the  density.  There 
have  been  extensive  theoretical  investigations  on  these  multiple 
scattering  effects.  We  made  the  first  detailed  controlled 
experimental  study  [7,10,13]  using  optical  and  ultrasound  scattering 
techniques.  We  have  thus  established  an  important  and  useful 
benchmark  for  further  theoretical  study. 

(c)  Incoherent  Wave  Characteristics  [4,8,9] 


The  wave  in  discrete  scatterers  may  be  classified  into  "coherent" 
and  "incoherent"  waves.  The  incoherent  field  is  responsible  for 
backscattering,  depolarization,  and  diffusion.  We  have  carefully 
examined  these  multiple  scattering  effects  due  to  rain  [4]  and  due  to 
fog  [8],  We  have  made  careful  experimental  studies  of  a  beam  wave  and 
compared  them  with  the  diffusion  theory  and  the  first-order  scattering 
theory  [9]. 

(d)  Backscattering  Enhancement  [12] 


Backscattering  is  important  in  radar  and  lidar  applications.  We 
observed  a  sharp  peak  of  the  order  of  1  degree  or  less  in  the 
backscattering  direction  [12].  This  appears  to  be  caused  by  the 
seconds  and  higher-order  multiple  scattering  and  the  coherent  length 
of  the  order  of  the  mean  free  path.  This  interesting  phenomenon  may 
be  potentially  important  in  practical  applications.  We  are  continuing 


the  detailed  study  of  this  effect. 
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